Abstract: Visinin-like protein 1 (VILIP-1), a myristoylated calcium sensor protein of the EF-hand Ca 2+ -binding protein superfamily, plays multiple physiological roles in the central nervous system and peripheral organs. In present study, the cDNA encoding VILIP-1 was identified from the brain and spinal cord cDNA library of Gekko japonicus. It contains a 573 bp open reading frame corresponding to a deduced protein of 191 amino acids. Gecko VILIP-1 shares more than 95.3% identity with vertebrate VILIP-1 proteins, and structurally consists of conserved four EF-hand Ca 2+ -binding motifs and one dsRNA-binding domain, suggesting that selective pressure must have been extremely high for the conservation of VILIP-1 during vertebrate evolution. Northern blot and RT-PCR showed that gecko VILIP-1 was ubiquitously expressed in all tissues examined. In situ hybridization revealed that the VILIP-1 transcript mainly appeared in the gray matter of the spinal cord, with less distribution in the white matter. Semiquantitative RT-PCR also showed that VILIP-1 expression in spinal cord after tail amputation remained stable at 1 day and 1 week, but decreased at 2 weeks, a time coinciding with regeneration bud formation. This suggests that VILIP-1 may function as a regeneration-associated factor in the form of a monomer or/and RNA-binding complex.
Introduction
Visinin-like protein 1 (VILIP-1), a neuronal calcium sensor protein, belongs to the visinin-like protein subfamily (Braunewell & Szanto 2009) . It was initially cloned from rat (Kuno et al. 1992 ) and chicken (Lenz et al. 1992) , and has been nominated for different names in several species over time before official name was given (http://www.genenames.org/). Like all other members of the subfamily, VILIP-1 shares a consensus sequence (M-G-(X) 3 -S) for N-terminal myristoylation and the sequence D-X-D/N-X-D/N-X-Y-(X) 4 -E as the EF-hand Ca 2+ -binding motif. Thus, the protein was characterized in calcium binding, myristoylation and calcium-dependent membrane association (Spilker et al. 2002; Braunewell & Szanto 2009 ). Studies on VILIP-1 have focused primarily on its role in neurons, mostly in hippocampal neurons. Accumulated results have revealed that VILIP-1 is involved in regulation of signaling cascades, neurotransmission and ion channel function (Braunewell & Gundelfinger 1999; Lin et al. 2002; Braunewell 2005; Braunewell et al. 2006; Burgoyne 2007; Braunewell & Szanto 2009; Zhao et al. 2009 ). The protein also increases cAMP and cGMP formation in neural cells, modulates the activity of the receptor, guanylyl cyclase B, through clathrin-dependent receptor cycling, suggesting that VILIP-1 may act as a calcium-dependent modulator of cyclic nucleotide signaling pathways Braunewell et al. , 2001 Brackmann et al. 2005) .
VILIP-1 has been identified from several species including fishes, frog, chicken and some mammals (Kuno et al. 1992; Lenz et al. 1992; Polymeropoulos et al. 1995; Klein et al. 2002; Strausberg et al. 2002) . Analysis of amino acid sequences showed that the proteins shared high identities ranging from 92.1% to 100%. The extreme conservation of VILIP-1 sequences stresses their essential and general role in biological regulations. VILIP-1 is expressed primarily in the brain, with widespread distribution in all hippocampal subregions and the denate gyrus (Paterlini et al. 2000; Zhao & Braunewell 2008) . Lower expression of VILIP-1 has also been detected in some peripheral organs, including the pancreas (Dai et al. 2006) , heart, testes, ovaries, and colon (Gierke et al. 2004 ). In comparison with many biological functions reported in the neurons, very little information is available regarding physiological roles in other tissues. In neurons of the central nervous system, VILIP-1 can specifically bind the 3'-untranslated region (3'UTR) of the neurotrophin receptor TrkB in a Ca 2+ -dependent manner (Mathisen et al. 1999) . TrkB is found to be activated in the injured spinal cord and implicates a role in spinal cord regeneration (Frisén et al. 1992; Liebl et al. 2001; Widenfalk et al. 2001) . Given this possible association between VILIP-1 and TrkB, we hypothesized that VILIP-1 may participate in spinal cord regeneration.
Gekko japonicus has a remarkable ability to regenerate their tails, including major axial structures such as spinal cord, cartilage and spinal nerves. In the present paper, we isolated VILIP-1 cDNA from Gekko japonicus and investigated its expression changes in spinal cord regeneration after tail amputation.
Material and methods

Animals
Adult Gekko japonicus were used according to the methods of Jiang et al (2009) . Briefly, adult animals were fed freely with mealworms and housed in an air-conditioned room under controlled temperature (22-25
• C) and saturated humidity. Anesthesia was induced by cooling the animals on ice prior to amputating the tail. Amputation was performed at the sixth caudal vertebra which was identified based on the special tissue structure present at that position (Zhenkun et al. 1990 ) by placing a slipknot of nylon thread and pulling gently until the tail was detached, thus mimicking the conditions of tail loss that the animals undergo in the natural environment.
Cloning and analysis of cDNA A cDNA library of brain and spinal cord from Gekko japonicus was constructed according to the method described previously (Liu et al. 2006) . In a large scale sequencing of the cDNA library, more than 5,000 clones were analyzed for coding probability with the DNATools program. To obtain the full length of gecko VILIP-1, anti-sense primer 5'-CGAGGTCCTCCATCACTTCAGGAGCC-3' was designed according to the partial cDNA sequence, and 5' rapid amplification of cDNA ends (RACE) was performed using the BD SMART RACE cDNA Amplification Kit (Clontech, USA) according to the manufacturer's instructions. Comparison against the GenBank protein database (Benson et al. 2009 ) was performed using the BLAST network server at the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/) (Rehm et al. 2001) . Multiple protein sequences were aligned using the MegAlign program by the CLUSTAL method in DNASTAR software package (http://www.dnastar.com/).
RNA isolation and reverse transcriptase polymerase chain reaction Total RNAs were prepared with Trizol (Gibco) from different tissues including the brain, spinal cord, lung, liver, heart, ovary and kidney of adult geckos. Total RNAs were also extracted from the spinal cords of 20 geckos after an amputation at the sixth caudal vertebra at 1 day, 1 week and 2 weeks, respectively. For RT-PCR, the first-strand cDNA was synthesized using Omniscript Reverse Transcription Kit (Qiagen) in a 20 µL reaction system containing 2 µg total RNA, 0.2 U/µL M-MLV reverse transcriptase, 0.5 mM dNTP mix, 1 µM oligo-dT primer. A 1µL aliquot from the synthesized first-strand cDNA was amplified with antisense primer 5'-CTGAAGTCAATGGTCCCG-3' and sense primer 5'-CAAACTGGCTCCTGAAGTG-3' designed to investigate the expression of VILIP-1. The PCR amplification reaction was performed in 1.5 mM MgCl2, 200 µM of each dNTPs, with 20 pmol of each primer and 2 U of Taq polymerase (MBI Fermentas) in a final volume of 50 µL. After the cDNA/primer denaturation at 94
• C for 5 min, the PCR amplification was carried out in 30 cycles using the following parameters: denaturation at 94
• C for 30 s, annealing at 52
• C for 30 s, elongation at 72
• C for 30 s. The reaction was continued for a final extension at 72
• C for 10 min. Normalization was carried out simultaneously by amplification of EF-1α using an antisense primer 5'-CTGGCTGTAAGGTGGCTCAG-3' and a sense primer 5'-CATGTCGATTCTGGCAAGTC-3' under the same conditions as described above. A negative control without the first-strand cDNA was also performed. The expression levels were assessed by an image analysis system.
Northern blotting
Northern blotting was performed as described by Wang et al. (2008) . A total of 10 µg RNA extracted from spinal cord, ovary, kidney and lung was electrophoresed and blotted onto a nylon membrane (Osmonics Inc.). The blots were hybridized at high stringency with a DIG-labeled gecko VILIP-1 riboprobe of about 1,000 bp (1 µg/mL in DIG Easy Hyb) for 15 h at 52
• C, and washed twice in 2× sodium dodecylsulfate (SDS) sodium citrate buffer (SSC) with 0.1% SDS at 25
• C for 5 min each and twice in 0.1×SSC with 0.1% SDS at 65
• C for 20 min each. They were then incubated in a blocking solution (pH 7.5) containing 100 mM maleic acid, 150 mM NaCl and 1% blocking reagent (Roche, Germany) followed by incubation in the blocking solution plus antidigoxigenin-AP (Roche, Germany) diluted 1:10,000, for 1 and 2 h, respectively, at room temperature. After washing with 100 mM maleic acid buffer (pH 7.5) containing 150 mM NaCl and 0.3% tween-20 and then washing with 100 mM Tris-HCl buffer (pH 9.5) containing 100 mM NaCl, the hybridized bands were visualized by CDP-Star (Roche, Germany) and recorded by exposure to X-ray film.
Section in situ hybridization
Spinal cord from perfused gecko was dissected and fixed overnight in 4% paraformaldehyde (pH 7.0). Sections 14 µm thick were cut at the level of caudal vertebra and thawed onto RNase-free silicane-coated slides. Sections were prehybridized for 2 h, and hybridized with 1 ng labeled probe overnight at 42
• C in a humid chamber. The signals of in situ hybridization were detected by using NBT/BCIP (Roche), and then photographed.
Result and discussion
Molecular cloning and sequence analysis of VILIP-1 cDNA The cDNA (GenBank accession number: AY704555) obtained from the brain and spinal cord cDNA library and by 5' RACE amplification (Fig. 1) is 1,661 bp long, and its longest open reading frame codes for a protein of 191 amino acids with a predicted molecular mass of approximately 22.1 kDa. The 5'-untranslated region (5'UTR) is 228 bp long with two in-frame stop codons, and the 3'-UTR is 857 bp long with two polyadenylation signals AATAAA and a polyadenylation tail (Fig. 2) . The BLASTp search at the NCBI server revealed that the protein encoded by the cDNA matches with frog and mouse VILIP-1. These indicate that the cDNA encodes a gecko VILIP-1.
Alignment of the gecko VILIP-1 with those of other vertebrates showed that gecko VILIP-1 shared more than 95.3% identity with the corresponding proteins from human, Pongo abelii (Sumatran orangutan), rat, mouse, cattle, chicken, salmon and zebrafish (Fig. 3) , suggesting that selective pressure must have been extremely high for the conservation of VILIP-1. Resembling other known VILIP-1 proteins, gecko VILIP-1 includes four calcium-binding EF-hand motifs ( Fig. 3;  EF-hand 1-4) . The other functional VILIP dsRNAbinding domain described by Mathisen et al. (1999) is located at L 110 -V 182 . It thus appears that gecko VILIP-1 can also regulate its binding to important localized mRNAs in the central nervous system.
Tissue expression of gecko VILIP-1 Northern blotting was conducted to assess the size of the transcript. As shown in Figure 4A , a 1,700 bp band of the VILIP-1 transcript was detected in the blots of the spinal cord, ovary, kidney and lung of adult geckos. To confirm the tissue distribution, the more sensitive RT-PCR technique was performed. The results showed that the VILIP-1 was ubiquitously expressed in all tissues including the brain, spinal cord, lung, liver, heart, ovary and kidney (Fig. 4B) . VILIP-1 has previously been detected in the brain, heart, liver, lung, testis, stomach, skin, pancreas and colon of mammals (Kajimoto et al. 1993; Ohya & Horowitz 2002; Mahloogi et al. 2003; Gierke et al. 2004; Dai et al. 2006 ). Our results in gecko were consistent with these findings, hinting at a multifunction for the protein in peripheral organs.
In situ hybridization confirmed the distribution of VILIP-1 in the gecko spinal cord sections. Results showed that positive hybridization signals were mainly present in the gray matter and ependymal cells of sixth caudal vertebra, with less labeling evident in the white matter (Fig. 5) .
RT-PCR analysis of VILIP-1 in spinal cord after tail amputation The total RNA of the gecko spinal cord following amputation from the sixth caudal vertebra were used for RT-PCR assay to investigate changes in the expression of the VILIP-1. The expression levels assessed by an image analysis system revealed that VILIP-1 mRNA in the spinal cord remains stable at 1 day and 1 week after amputation but subsequently decreases at 2 weeks (Fig. 6) . The regeneration bud appears at 2 weeks after tail amputation and begins to elongate in the posterior direction (Wang et al. 2009 ). The down-regulation of VILIP-1 in gecko following tail amputation may not be associated with the regulation of the neurotrophin receptor, TrkB. Frisén et al. (1992) reported that TrkB expression increased in scar tissue regions of the spinal cord 3 weeks after injury to areas known to show limited regeneration (cat and rat), at a time that coincided with active sprouting from the injured region. However, more recently Liebl et al. (2001) reported that TrkB is down-regulated in the rat spinal cord at and around the site of injury within 1 day after the injury and others have shown that it is also down-regulated by neurotrophic factors during the development of spinal cord (Gibbon & Bailey 2005) . Although VILIP-1 may not directly regulate the expression of the TrkB, VILIP-1 can bind with TrkB (Mathisen et al. 1999) , and there is the possibility that VILIP-1 binding with TrkB at the dsRNA domain (Mathisen et al. 1999 ) may participate in and/or regulate the regeneration process. The down regulation of VILIP-1 and subsequent reduced TrkB binding may have an important function in the initiation of growth from the tailbud. Whether the VILIP-1 participates in the tail/spinal cord regeneration by binding with the neurotrophin receptor TrkB and influencing neurotrophin signaling, however, needs further clarification.
